ZnO/PMMA inorganic/organic composite microspheres were synthesized with a yield of 83 wt% via soap less emulsion polymerization. The hydrophobic ZnO nanoparticles were modified by oleic acid (OA), which could improve the compatibility between ZnO nanoparticles and methyl methacrylate (MMA) monomer in emulsion system. The existence of ZnO was indicated by the XRD characteristic peaks of the composite microshperes. The TEM micrographs showed that the morphology of the composite microspheres was uniform and ZnO nanoparticles could be encapsulated in the PMMA polymer microspheres. When the ZnO nanoparticles participated in the polymerization process, the surface morphology of composites microspheres changed from smooth to grooved which was characterized by FESEM. In addition, the fluorescence property of the ZnO/PMMA composites became stronger with the increasing amount of ZnO nanoparticles and the fluorescence absorption was stronger than that of pure ZnO.
Introduction
The incorporation of inorganic particles into polymers allows one to integrate new functions inside polymer matrixes. In the past years, many kinds of inorganic/organic composites have been considered as innovative advanced materials, and promising applications have been expected in many fields, including optics, electronics, ionics, mechanics, protective coatings, catalysis, sensors, biology, and others [1] [2] [3] [4] [5] [6] [7] [8] .
The polymer-encapsulation technique has been successfully used for the various stable inorganic fillers, such as silica, titania, calcium carbonate, magnetism nanoparticles, metal nanoparticles, and CdS nanoparticles [9] [10] [11] [12] [13] [14] [15] , etc. Moreover, the preparation of nanocomposite by the encapsulation of inorganic fillers into polymers is an efficient method to prevent the agglomeration of nanoparticles.
ZnO is one of important available inorganic fillers. As a wide bandgap (3.4 eV) II-VI compound semiconductor it has attracted intensive research effort on its unique properties and versatile applications in transparent electronics, ultraviolet (UV) light emitters, piezoelectric devices, chemical sensors, and spin electrics [16] [17] [18] [19] [20] .
In this work, the OA-modified ZnO nanoparticles were encapsulated into the PMMA polymer microspheres via a soap less emulsion polymerization process. The hydrophobic ZnO nanoparticles had the better compatibility with MMA, which could obtain tightly bonded composite microshperes. The TEM pictures indicated that the ZnO nanoparticles can be encapsulated in the polymeric microspheres. Fig.1 shows the FESEM pictures of pure PMMA and ZnO/PMMA nanocomposites. Before FESEM imaging, the samples were sputtered with thin layers of gold. It could be seen that both the pure PMMA and ZnO/PMMA nanocomposite polymer particles were uniform microspheres. In Fig.1 (a) the diameter of the pure PMMA was about 150 nm. While the diameter of the composites polymer microspheres was around 330 nm and the surface morphology of nanocomposites changed from smooth to grooved, when the ZnO nanoparticles participated in the polymerization process, as shown in Fig.1(b) . The phenomenon probably was related to the unsymmetrical composite particles shrink when the ZnO nanoparticles were encapsulated in PMMA matrix. The presence of ZnO nanoparticles in the composite microspheres was confirmed by the change of droplet size and composite morphology. The TEM micrographs of OA-modified ZnO nanoparticles and ZnO/PMMA nanocomposites are shown in Fig. 2 . In Fig. 2 (a) , the size of ZnO nanoparticles was about 30 nm and most of them were agglomerated, even though the ZnO nanoparticles were modified by OA. The size of the polymer spheres was in good agreement with the results of the FESEM pictures. The ZnO nanoparticles had been well dispersed in the polymeric matrix, and most of the ZnO nanoparticles were located at the edges of the spheres as shown in Fig. 2 (b) . On the other hand, the dispersal state of ZnO nanoparticles improved after the emulsion polymerization process. The micrographs indicated that the ZnO nanoparticles were encapsulated in the PMMA spheres. The mechanism of homogeneous nucleation should be similar to the formation of the CaCO 3 /PMMA nanocomposites in soap less emulsion polymerization process which was reported by us [21] .
Results and discussion

Morphology of ZnO/PMMA nanocomposites microshperes
XRD plots of ZnO/PMMA nanocomposite microspheres
The presence of ZnO nanoparticles in the ZnO/PMMA nanocomposites was confirmed by XRD analysis, and the spectra are shown in Fig. 3 . Firstly, all these Xray diffraction peaks could be indexed as the hexagonal ZnO according to the standard card (JCPDS 36-1451) and these peaks did not change after polymerization. Secondly, the intensity of the characteristic XRD peaks of the ZnO nanofillers became weaker with a decreasing amount of ZnO nanoparticles. The difference in the intensity was ascribed to the thickness of the PMMA layer on the surface of nanoparticles. 
Fluorescence emission spectra of ZnO/PMMA nanocomposite microspheres
The interactions between ZnO nanoparticles and PMMA matrix could influence the fluorescence properties of the composites. Fig. 4 shows the fluorescence emission spectra of ZnO and the composites. All the samples were ultrasonically dispersed in distilled water with the same concentration and were excited at 320 nm. All the samples displayed an intensive ultraviolet emission peak around 387 nm. It was well known that the UV emission peak usually originates from a near-band-edge (NBE) transition of the wide band gap. The intensity of the emission peaks increased when the loadings of ZnO nanoparticles increased in the composites. In addition, all the emission peaks of the nanocomposites were stronger than the single ZnO nanoparticles. On the other hand, the peaks of all the curves were not displaced at all and the full width of the half maximum was kept unchanged. The change of fluorescence emission peaks was ascribed to the interaction between ZnO nanoparticles and PMMA, which may have changed the electron transition from conduction band to valence band. 
Conclusions
In this work, ZnO/PMMA nanocomposites were synthesized by soap less emulsion polymerization after the ZnO nanoparticles were modified with OA. Due to the good compatibility between the nanofillers and the polymeric matrix, the hydrophobic ZnO nanoparticles could be well encapsulated into the PMMA organic matrix. It is worth pointing out that the ZnO/PMMA composites with better fluorescence property can be potentially applied in many fields in the future.
Experimental part
Materials
Methyl methacrylate (MMA) was analytical reagent and not distilled. Ammonium persulfate (APS) were used without further purification as an initiator. Oleic acid (OA) was analytical reagent and conserved at 4 o C. ZnO nanoparticles were self-prepared with the size of around 20 nm. Deionized water was used throughout this work.
Preparation of ZnO/PMMA nanocomposite microspheres
OA-modified ZnO nanoparticles (1.5 g or 1.0 g or 0.5 g) were dispersed in the mixture of MMA (5 ml) and deionized water (100 g) by sonification for 5 min at room temperature in order to disperse the ZnO nanoparticles into the MMA monomer. Then, polymerization was carried out in a 500 ml four-necked flask equipped with thermometer, mechanical stirrer, reflux condenser and nitrogen gas inlet system. As an initiator, APS (0.100 g) was added drop wise in the flask. The mixture had been maintained at 60 o C for 0.5 h and then at 80 o C for 4 h. The product was collected by suction filtration and then dried at 90 o C for 6 h. The yield of the products obtained from such soap less emulsion polymerization could reach as high as 83 wt%. Characterization X-ray diffraction (XRD) patterns of products were performed on a Shimadzu XRD-6000 that filtered Cu (Kα) radiation. Field-emission scanning electron microscopy using a JEOL JSM-6700F electron microscope was used to determine the morphology of the products. The morphology of ZnO/PMMA composites was investigated through TEM by HITACHI H-8100 electron microscope. Fluorescence emission spectra of the ZnO/PMMA composites were characterized by Shimadzu RF-3001.
